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Methods Of Treating Regions Of Substantially Upright Silicon- 
comprising Structures, Methods Of Treating Silicon-comprising Emitter 
Structures, Methods Of Forming Field Emission Display Devices, And 

Cathode Assemblies 

PATENT RIGHTS STATEMENT 

This invention was made with Government support under Contract 
No. DABT63-97-C-0001 awarded by Advanced Research Projects Agency 
(ARPA). The Government has certain rights in this invention. 

TECHNICAL FIELD 

The invention pertains to methods of treating substantially upright 
silicon-comprising structures, such as, for example, methods of treating 
silicon-comprising emitter structures. In particular aspects, the invention 
pertains to methods of forming field emission display devices. In other 
particular aspects, the invention pertains to cathode assemblies. 

BACKGROUND OF THE INVENTION 

Silicon-comprising field emitters are currently being designed and 
incorporated into field emission display devices, and show promise as 
candidates for electron sources in vacuum microelectronic devices. It is 
generally desirable to fabricate the emitters to have tips that are as 
sharp as possible, as such can improve control of electron emission from 
the tips. For instance, clarity, or resolution, of a field emission display 
is a function of, among other things, emitter tip sharpness. As sharper 



emitter tips can produce higher resolution displays than less sharp 
emitter tips, numerous methods have been proposed for fabrication of 
very sharp emitter tips (i.e., emitter tips having tip radii of 100 
nanometers or less). 

Fabrication of very sharp tips has, however, proved difficult. 
Accordingly, other methods, besides simply sharpening emitter tips, have 
been proposed for improving electron emission from emitters. Among 
such other methods are procedures for treating silicon-comprising emitters 
to convert the silicon to porous silicon, and procedures for treating 
silicon-comprising field emitters to coat the emitters with materials having 
lower work function properties than silicon. Such materials include, for 
example, diamond, cesium (such as, for example, cesiated carbon) and 
boronitride (the boronitride can be undoped, or doped with, for example, 
sulfur). 

The above-discussed procedures of treating silicon-comprising 
emitters show promise for improving emission from individual emitters, 
as well as for improving uniformity of emission across arrays of emitters. 
Accordingly, it would be desirable to develop methods of fabricating 
emitters wherein emitter treatments are incorporated into the emitter 
fabrication processes. 



SUMMARY OF THE INVENTION 

In one aspect, the invention encompasses a method of treating the 
end portions of an array of substantially upright silicon-comprising 
structures. A substrate having a plurality of substantially upright silicon- 
comprising structures extending thereover is provided. The substantially 
upright silicon-comprising structures have base portions, and have end 
portions above the base portions. A masking layer is formed over the 
substrate to cover the base portions of the substantially upright silicon- 
comprising structures while leaving the end portions exposed. While the 
masking layer covers the base portions, the end portions are exposed to 
conditions which alter the end portions relative to the base portions. 

In another aspect, the invention encompasses a method of treating 
the ends of an array of silicon-comprising emitter structures. A 
substrate having a plurality of silicon-comprising emitter structures 
thereover is provided. The emitter structures have base portions and 
ends above the base portions. A layer of spin-on-glass is formed over 
the substrate. The layer of spin-on-glass covers the base portions of the 
emitter structures and leaves the ends exposed. While the layer of spin- 
on-glass covers the base portions, the ends are exposed to conditions 
which alter the ends relative to the base portions. 

In yet another aspect, the invention encompasses a cathode 
assembly which includes a plurality of silicon-comprising emitter structures 
projecting over a substrate. The emitter structures have base portions 



and ends above the base portions, and the ends comprise a different 
material than the base portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

Fig. 1 is a diagrammatic, cross-sectional, fragmentary view of a 
portion of an emitter array assembly illustrated at a preliminary step of 
a method of the present invention. 

Fig. 2 is a view of the Fig. 1 assembly shown at a processing step 
subsequent to that of Fig. 1. 

Fig. 3 is a view of the Fig. 1 assembly shown at a processing step 
subsequent to that of Fig. 2. 

Fig. 4 is a view of the Fig. 1 assembly shown at a processing step 
subsequent to that of Fig. 1 in accordance with a second embodiment 
method of the present invention. 

Fig. 5 is a view of the Fig. 4 assembly shown after a first 
embodiment treatment process. 

Fig. 6 is a view of the Fig. 4 assembly shown after a second 
embodiment treatment process. 

Fig. 7 is a fragmentary, diagrammatic, cross-sectional view of a 
field emission display incorporating the treated emitters of Fig. 6. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress 
of science and useful arts" (Article 1, Section 8). 

In one aspect, the invention encompasses methods of treating 
portions of substantially upright silicon-comprising structures (such as, for 
example, silicon-comprising emitter structures), while leaving other 
portions untreated. In particular embodiments, the methodology can be 
utilized for treating tip regions (i.e., apexes) of silicon-comprising emitter 
structures, while leaving base regions untreated. Such can advantageously 
enable modification of electron emitting portions of emitter structures, 
while not altering physical properties of underlying portions of the 
emitter structures. Specific embodiments are described with reference to 
Figs. 1-6. 

Referring to Fig. 1, a fragment 10 of a semiconductive material 
construction is illustrated at a preliminary step of a method of the 
present invention. Fragment 10 comprises a glass plate 12, a first 
semiconductive material layer 14 overlying glass plate 12, and emitter 
structures 20 overlying first semiconductive material layer 14. Emitter 
structures 20 comprise a second semiconductive material 16. 
Semiconductive material 14 can comprise either p-type doped or n-type 
doped semiconductive material, (such as, for example, monocrystalline 
silicon), and semiconductive material 16 can comprise doped 



polycrystalline silicon (polysilicon) material, or, in specific embodiments, 
consist essentially of conductively doped polysilicon. Materials 12, 14 
and 16 together comprise a conventional emitter tip array construction, 
and can be formed by conventional methods. 

To aid in interpretation of this disclosure and the claims that 
follow, it is noted that layer 14 can be referred to as a "semiconductive 
substrate". More speeifically, the term "semiconductive substrate" is 
defined to mean any construction comprising semiconductive material, 
including, but not limited to, bulk semiconductive materials (either alone 
or in assemblies comprising other materials thereon), and semiconductive 
material layers (either alone or in assemblies comprising other materials). 
The term "substrate" refers to any supporting structure, including, but 
not limited to, the semiconductive substrates described above. 

Emitter structures 20 represent a portion of an array of emitter 
structures. Such array can be referred to as a "cathode array," as the 
emitters can be incorporated as cathodes in electron emission devices. 
Each of emitter structures 20 is a substantially upright silicon-comprising 
structure comprising a base portion 22 and an end portion 24 above the 
base portion (end portion 24 can also be referred to as an apex, or tip). 

A next aspect of the shown exemplary embodiment comprises 
forming a masking layer over base portions 22 to protect base 
portions 22 from subsequent conditions. Exemplary methods for forming 
the masking layer are described with reference to Figs. 2-4, with Figs. 2 



and 3 illustrating a first embodiment method, and Fig. 4 illustrating a 
second embodiment method. 

Referring to Fig. 2, a masking layer 30 is provided over 
semiconductive material 14 and over emitter structures 20, Masking 
material 30 is preferably provided to be thinner over apexes 24 than 
over base regions 22. Such can be accomplished, for example, by 
applying material 30 as- a liquid. Exemplary processes include applying 
material 30 through spin-on-glass methodologies, or through so-called 
"Flowfill™" methodologies. In Flowfill™ methodologies, material 30 is 
initially provided as silanol (or an organic derivative of silanol). The 
silanol can be subsequently converted to silicon dioxide through 
conventional treatment methodologies. 

Referring to Fig, 3, material of layer 30 is removed from over 
apexes 24, but left over base regions 22, In embodiments in which 
layer 30 comprises either spin-on-glass or silicon dioxide, such can be 
accomplished by dipping apexes 24 in a hydrofluoric acid-comprising 
material. For instance, if material 30 comprises spin-on-glass having a 
thickness of less than 50 A over apexes 24, the selective removal of 
material 30 from over apexes 24 can comprise a dip in a hydrofluoric 
acid solution for about five seconds. 

Referring to Fig. 4, another method of applying material 30 over 
emitters 20 is to utilize conditions which form material of layer 30 only 
over base regions 22, and not over apexes 24. Such conditions can 



include applying material of layer 30 as a liquid, and adjusting the 
viscosity of such liquid to effectively have the material run off the steep 
surfaces of apexes 24. The liquid material of layer 30 then collects over 
layer 14 to a level which covers base regions 22. 

Regardless of whether the embodiment of Figs. 2 and 3 is utilized, 
or the embodiment of Fig. 4 is utilized, the result is a construction 
having base regions 22 -of emitters 20 protected by a masking layer 30, 
while apexes 24 are exposed through the masking layer 30, 

Figs. 5 and 6 illustrate methods of treating apexes 24 with 
conditions which alter apex regions 24 relative to base regions 22. 
Fig. 5 illustrates first embodiment processing conditions, and Fig. 6 
illustrates second embodiment processing conditions. 

Referring to Fig. 5, a low work function material 40 is provided 
over apex regions 24 and over masking layer 30. The term "low work 
function" is used herein to refer to materials having lower work 
functions than material 16. As discussed above, in particular applications 
material 16 comprises silicon. In such particular applications "low work 
function" can refer to materials having lower work functions than silicon. 
In applications in which material 16 comprises silicon, low work function 
material 40 can comprise, for example, diamond, cesium (such as, for 
example, cesiated carbon) or boronitride (such as, for example, sulfur 
doped boronitride). The provision of low work function material 40 
over and against apexes 24 can alter electron emission properties of 



emitters 20. Specifically, low work function material 40 can increase 
electron emission across the array of emitters 20. By selectively forming 
low work function material 40 only against apexes 24, and not against 
base regions 22, the methodology of the present invention can avoid 
adversely affecting physical properties of base region 22 with the low 
work function material of layer 40. Potential adverse effects that could 
occur if low work function material 40 were provided against base 
region 22 include spurious electron emission from the base regions of 
emitters 20. Accordingly, the selective provision of low work function 
material 40 over only apexes 24 of emitters 20 can form improved 
emitter devices relative to devices having low work function material 
provided over an entire surface (i.e., both a base region and an apex 
region) of an emitter structure. 

After formation of low work function material 40 over apexes 24, 
the construction 10 can be incorporated into, for example, a field 
emission display device. Masking material 30 and low work function 
material 40 can be removed from between emitters 20 prior to 
incorporation in the device. Such removal can be accomplished by, for 
example, photolithographic processing wherein a photoresist mask is 
utilized to protect apexes 24 while materials of layers 30 and 40 are 
etched from between the apexes. Suitable etching conditions can include, 
for example, HF based solutions or other etchants depending on the low 
work function material. 



Referring to Fig. 6, an alternative method of treating apex 
regions 24 is illustrated. Specifically, apex regions 24 have been 
subjected to processing which forms porous silicon (represented by 
stippling in Fig. 6) within the apex regions. Such formation of porous 
silicon can increase electron emission and improve uniformity across an 
array of emitters 20, and can also improve a quality of electron emission 
from individual emitters 20 of the array. The formation of porous 
silicon at tip regions 24 can be accomplished by exposing fragment 10 
to electrochemical etching in the presence of hydrofluoric acid. During 
such exposure, layer 30 protects base portions 22 so that apex regions 24 
are rendered more porous than base portions 22 by the electrochemical 
etching. The electrochemical etching procedure can vary depending on 
whether silicon-comprising material 16 of emitter structures 20 is doped 
with an n-type material or a p-type material. Specifically, if silicon- 
comprising material 16 is doped with an n-type material, tip regions 24 
are preferably exposed to light during the electrochemical etching. The 
light can be generated by, for example, a tungsten lamp. If, on the 
other hand, silicon-comprising material 16 is doped with a p-type 
material, the electrochemical etching preferably occurs in the dark. 

After tip regions 24 have been rendered porous, masking layer 30 
can be removed. Methods for removing masking layer 30 can include, 
for example, photolithographic processing wherein photoresist blocks are 
formed to protect apex regions 24. Subsequently, the material of 



layer 30 that is between apex regions 24 is exposed to etching 
conditions which remove such material from over silicon-comprising 
layer 14. The etching conditions can include, for example, HF based 
solutions or other etchants depending on the masking material. 

Fig, 7 illustrates the porous tipped emitter devices 20 of Fig, 6 
incorporated into a field emission display device 70. Field emission 
display device 70 includes dielectric regions 72, spacers 73, an 
extractor 74, and a luminescent screen 76. Screen 76 is associated with 
a face plate 80, and emitters 20 are part of a base plate structure 82. 
Device 70 is constructed with face plate 80 spaced from base plate 82. 
Techniques for forming field emission displays are described in U.S. Pat. 
Nos. 5,151,061; 5,186,670 and 5,210,472; hereby expressly incorporated by 
reference herein. 

In compliance with the statute, the invention has been described 
in language more or less specific as to structural and methodical 
features. It is to be understood, however, that the invention is not 
limited to the specific features shown and described, since the means 
herein disclosed comprise preferred forms of putting the invention into 
effect. The invention is, therefore, claimed in any of its forms or 
modifications within the proper scope of the appended claims 
appropriately interpreted in accordance with the doctrine of equivalents. 



CLAIMS : 

1. A method of treating portions of an array of substantially 
upright silicon-comprising structures, comprising: 

providing a substrate having a plurality of substantially upright 
silicon-comprising structures extending thereover, the substantially upright 
silicon-comprising structures having base portions and end portions above 
the base portions; 

forming a masking layer over the substrate, the masking layer 
covering the base portions of the substantially upright silicon-comprising 
structures and leaving the end portions exposed; and 

while the masking layer covers the base portions, subjecting the 
exposed end portions to conditions which alter the end portions relative 
to the base portions. 

2. The method of claim 1 wherein the forming comprises: 
depositing the masking layer over the substrate to have a greater 

thickness over the base portions than over the end portions; and 

removing the deposited masking layer from over the end portions 
to expose the end portions. 

3. The method of claim 1 wherein the masking layer comprises 
spin-on-glass. 



4. The method of claim 1 wherein the masking layer comprises 
silicon dioxide. 

5. The method of claim 1 wherein the subjecting comprises 
subjecting the end portions to conditions which render the end portions 
more porous than the base portions. 

6. The method of claim 5 wherein subjecting comprises 
electrochemical etching in the presence of HF. 

7. The method of claim 5 wherein the silicon of the upright 
structure is doped with an n-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF and light. 

8. The method of claim 5 wherein the silicon of the upright 
structure is doped with an p-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF. 

9. The method of claim 1 wherein the subjecting comprises 
subjecting the end portions to conditions which cover the end portions 
with a coating material. 



10. The method of claim 9 wherein the coating material 
comprises a lower work function than silicon. 

11. The method of claim 9 wherein the coating niaterial 
comprises diamond. 

12. The method of claim 9 wherein the coating material 
comprises boron nitride. 

13. The method of claim 9 wherein the coating material 
comprises sulfur-doped boron nitride, 

14. The method of claim 9 wherein the coating material 
comprises cesium. 

15. The method of claim 9 wherein the coating material 
comprises cesiated carbon. 



16. A method of treating the ends of an array of silicon- 
comprising emitter structures, comprising: 

providing a substrate having a plurality of silicon-comprising emitter 
structures thereover, the emitter structures having base portions and ends 
above the base portions; 

forming a layer over the substrate, the layer covering the base 
portions of the emitter-structures and leaving the ends exposed; and 

while the layer covers the base portions, subjecting the ends to 
conditions which alter the ends relative to the base portions. 

17. The method of claim 16 wherein the subjecting comprises 
subjecting the ends to conditions which render the ends more porous 
than the base portions. 

18. The method of claim 17 wherein subjecting comprises 
electrochemical etching in the presence of HF. 

19. The method of claim 17 wherein the silicon of the upright 
structure is doped with an n-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF and light. 



20. The method of claim 17 wherein the silicon of the upright 
structure is doped with an p-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF. 

21. The method of claim 16 wherein the subjecting comprises 
subjecting the ends to conditions which cover the ends with a coating 
material. 

22. The method of claim 21 wherein the coating material 
comprises a lower work function than silicon. 

23. The method of claim 21 wherein the coating material 
comprises diamond, 

24. The method of claim 21 wherein the coating material 
comprises boron nitride. 

25. The method of claim 21 wherein the coating material 
comprises sulfur-doped boron nitride. 

26. The method of claim 21 wherein the coating material 
comprises cesium. 



27. The method of claim 21 wherein the coating material 
comprises cesiated carbon. 

28. A method of treating the ends of an array of silicon- 
comprising emitter structures, comprising: 

providing a substrate having a plurality of silicon-comprising emitter 
structures thereover, the emitter structures having base portions and 
pointed apexes above the base portions; 

forming a layer of spin-on-glass over the substrate, the layer of 
spin-on-glass covering the base portions of the emitter structures and 
leaving the apexes exposed; and 

while the layer of spin-on-glass covers the base portions, subjecting 
the apexes to conditions which alter the apexes relative to the base 
portions. 

29. The method of claim 28 wherein the subjecting comprises 
subjecting the apexes to conditions which render the apexes more porous 
than the base portions. 

30. The method of claim 29 wherein subjecting comprises 
electrochemical etching in the presence of HF. 



31. The method of claim 29 wherein the silicon of the upright 
structure is doped with an n-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF and light, 

32. The method of claim 29 wherein the silicon of the upright 
structure is doped with an p-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF. 

33. The method of claim 28 wherein the subjecting comprises 
subjecting the apexes to conditions which cover the apexes with a coating 
material. 

34. The method of claim 33 wherein the coating material 
comprises a lower work function than silicon. 

35. The method of claim 33 wherein the coating material 
comprises diamond. 

36. The method of claim 33 wherein the coating material 
comprises boron nitride. 



37. The method of claim 33 wherein the coating material 
comprises sulfur-doped boron nitride. 

38. The method of claim 33 wherein the coating niaterial 
comprises a cesiated carbon film. 

39. A method- of forming a field emission display device, 
comprising: 

forming a cathode array over a base plate, the cathode array 
comprising emitter structures having base portions and ends above the 
base portions; 

forming a layer of spin-on-glass over the cathode array, the layer 
of spin-on-glass covering the base portions of the emitter structures and 
leaving the ends exposed; 

while the layer of spin-on-glass covers the base portions, subjecting 
the ends to conditions which alter the ends relative to the base portions; 
and 

joining the base plate to a face plate in a configuration wherein 
the face plate is spaced from the base plate. 



40. The method of claim 39 further comprising removing the 
spin-on-glass from over the base portions prior to joining the base plate 
to the face plate. 

41. The method of claim 39 wherein the spin-on-glass is not 
removed from over the base portions prior to joining the base plate to 
the face plate. 

42. The method of claim 39 wherein the ends terminate in sharp 
apexes before the subjecting. 

43. The method of claim 39 wherein the subjecting comprises 
subjecting the ends to conditions which render the ends more porous 
than the base portions. 

44. The method of claim 43 wherein subjecting comprises 
electrochemical etching in the presence of HF. 

45. The method of claim 43 wherein the silicon of the upright 
structure is doped with an n-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF and light. 
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46. The method of claim 43 wherein the silicon of the upright 
structure is doped with an p-type material, and wherein the subjecting 
comprises electrochemical etching in the presence of HF. 

47. The method of claim 39 wherein the subjecting comprises 
subjecting the ends to conditions which cover the ends with a coating 
material. 

48. The method of claim 47 wherein the coating material 
comprises a lower work function than silicon. 

49. The method of claim 47 wherein the coating material 
comprises diamond. 

50. The method of claim 47 wherein the coating material 
comprises boron nitride. 

51. The method of claim 47 wherein the coating material 
comprises sulfur-doped boron nitride. 

52. The method of claim 47 wherein the coating material 
comprises cesium. 



53. A cathode assembly comprising a plurality of silicon- 
comprising emitter structures projecting over a substrate, the emitter 
structures having base portions and ends above the base portions, the 
ends comprising a different material than the base portions. 

54. The assembly of claim 53 wherein the emitter structures 
comprise conductively doped polysilicon. 

55. The assembly of claim 53 wherein the ends terminate in 
pointed apexes. 

56. The assembly of claim 53 wherein the emitter structures 
consist essentially of conductively doped silicon. 

57. The assembly of claim 53 wherein the emitter structures 
consist essentially of conductively doped polysilicon. 

58. The assembly of claim 53 wherein the ends comprise porous 
silicon and the base portions comprise non-porous silicon. 



59. The assembly of claim 53 wherein the ends are coated with 
a material having a lower work function than silicon and the base 
portions are not coated with such materiaL 

60. The assembly of claim 59 wherein the material comprises 
diamond. 

61. The assembly of claim 59 wherein the material comprises 
boron nitride. 

62. The assembly of claim 59 wherein the material comprises 
cesium. 



ABSTRACT OF THE DISCLOSURE 

In one aspect, the invention encompasses a method of treating the 
end portions of an array of substantially upright silicon-comprising 
structures. A substrate having a plurality of substantially upright silicon- 
comprising structures extending thereover is provided. The substantially 
upright silicon-comprising structures have base portions, and have end 
portions above the base portions. A masking layer is formed over the 
substrate to cover the base portions of the substantially upright silicon- 
comprising structures while leaving the end portions exposed. The end 
portions are then exposed to conditions which alter the end portions 
relative to the base portions. In another aspect, the invention 
encompasses a method of treating the ends of an array of silicon- 
comprising emitter structures. A substrate having a plurality of silicon- 
comprising emitter structures thereover is provided. The emitter 
structures have base portions and ends above the base portions. A layer 
of spin-on-glass is formed over the substrate. The layer of spin-on-glass 
covers the base portions of the emitter structures and leaves the ends 
exposed. The ends are then exposed to conditions which alter the ends 
relative to the base portions. In yet another aspect, the invention 
encompasses a cathode assembly which includes a plurality of silicon- 
comprising emitter structures projecting over a substrate. The emitter 
structures have base portions and ends above the base portions, and the 
ends comprise a different material than the base portions. 
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DECLARATION OF SOLE INVENTOR FOR PATENT APPLICATION 

As the below named inventor, I hereby declare that: 
My residence, post office address and citizenship are as stated below 
next to my name. 

I believe I am the original, first and sole inventor of the subject matter 
which is claimed and for which a patent is sought on the invention entitled: 
Methods Of Treating Regions Of Substantially Upright Silicon-comprising 
Structures, Methods Of Treating Silicon-comprising Emitter Structures, 
Methods Of Forming Field Emission Display Devices, And Cathode 
Assemblies, the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims. 

I acknowledge the duty to disclose information known to me to be 
material to patentability as defined in Title 37, Code of Federal 
Regulations §1.56. 

PRIOR FOREIGN APPLICATIONS: 

I hereby state that no applications for foreign patents or inventor's 
certificates have been filed prior to the date of execution of this declaration. 
I hereby declare that all statements made herein of my own knowledge 
20 are true and that all statements made on information and belief are beheved 
to be true; and further that these statements were made with the knowledge 

22 that willful false statements and the like so made are punishable by fine or 

23 imprisonment, or both, under Section 1001 of Title 18 of the United States 
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Code and that such willful false statement may jeopardize the validity of the 
application or any patent issued therefrom. 




Full name of sole inventor: Ammar Derraa 
Inventor's Signature: 
Date: 

Residence: Boise, Idaho 

Citizenship: Algeria and Canada 

Post Office Address: 1097 Melrose St., #225, Boise, ID 83706 



